1. METHODOLOGY

1.1 INTRODUCTION

This chater provides an overview of the methodglowe used to calculate tlgeeenhousgas
(GHG) emissions associated with various nggnaent stratgies for munigpal solid waste (MSW). The
chapter bagins with a brief discussion of the lifgde framework used for the agals. Next, it eglains
how we selected the ten materials that wereyaedl We then describe thgesific GHG emissions and
emission offsets considered in calculgtthe net emissions associated waéticular waste mamggment
options. Finaly, the chater discusses the lifg/cle stayes that we studied to identithe GHG inpacts of
MSW mangement gtions. Succeedmnchapters will describe how we anaed each stein the life gcle.

1.2 THE OVERALL FRAMEWORK: A STREAMLINED LIFE CYCLE INVENTORY

Early in our anasis of the GHG benefits of source reduction angalng, it became clear that
conparing source reduction and ngtding to other waste magament gtions would clariy where the
greatest GHG benefits could be obtaineddanticular materials in MSW, and lpgbolicymakers identif
the best ptions for GHG reductions. We determined that a streamlipglitation of life gscle
assessment would be the besywmmake such coparisons.

A full life-cycle assessment (LCA) is an artadal framework for understandjrihe material iputs,
enepgy inputs, and environmental releases associated with manufagtusing, and diposing agiven
material. A full LCAgeneraly consists of fouparts: (1)goal definition and sqang, (2) an inventor of the
materials and engy used in all stges in the life of groduct orprocess, and an inventoof environmental
releases thraghnout theproduct lifeg/cle; (3) an inpact assessment that examipetential and actual human
health effects related to the use of resources and environmental releases; and (4) an assessmergef the chan
that is needed to bigrabout environmental ipnovements in theroduct orprocesses.

A full life-cycle assessment isymnd the scpe of this analsis. Rather, this port is a streamlined
application of a life gcle assessment that is limited to an inventdirthe emissions and other
environmental irpacts related tglobal warmirg; we did not assess air, water, or environmentphicts
that did not have a direct beagion climate chage. Moreover, we did not attea aspart of this analsis,
to assess human healthgacts or environmental ipnovements needed.

1.3 MSW MATERIALS CONSIDERED IN THE STREAMLINED LIFE CYCLE INVENTORY

We made initial rogh estimates of thgotential for source reduction and yeling of MSW to reduce
GHG emissions for the President's Climate @eafction Plan in 1993. However, it was clear that a more
rigorous analsis would be needed to determine the GHG emissions associated with source reduction and
regycling and to identiy which materials in MSW were most lilgeio reduce GHG emissions if source
reduced or recled.

" Note that EPA's Office of Research and Development (ORD) is in the early stages of performing a more
extensive life cycle inventory for various waste management options for MSW. ORD's analysis is inventorying all
emissions (air, water, and waste) associated with these options.
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Each material in MSW has different GHGpatts dpendirg on how it is made and giesed. To
determine which materials in MSW had tireatespotential to reduce GHG emissions if source reduced
or reg/cled, weperformed a screengranaysis of 37 of the most common materials amatucts found in
MSW. The screenmanaysis conpared: (1) the GHG emissions from manufactyeach of the 37
materials from vigin or reg/cled irputs (based on tharocess and trapsrtation enagy requirements, and
fuel mix for each material); and (2) theojected source reduction andyeling rates for each material.
The information on engy requirements, fuel mix, and rgcling rates was estimated inuEndenty by two
groups with exerience in MSW and lifeycle assessment: Franklin Associates, Ltd. and the Tellus
Institute. Then, ICF Incporated ranked the materialg their potential for GHG reductions: for each
material, ICF (1) aveged the two estimates for eggrequirements and fuel mix, then (2) used those
averaes, t@ether with estimates of the GHG emissipas unit of fuel used, to estimate GHG reductions
per ton ofproduct source reduced or yeted, and final} (3) used the estimated GHG reductipaston,
together with the aveged estimates of thaotential tonnge of source reduction and yeting, to estimate
the total GHG reductiopotential for each material.

While the screenmanal/sis waggeneral in nature and gioyed mary assumtions, the undeying
dataprovided ly Franklin Associates and the Tellus Institute oyg®al agreat deal. The engy and
regycling dataprovided ty bothgroups indicated that the sameaglei manufactured materials had the
greatespotential to reduce GHG emissions if yheere source reduced or yeted. We chose to limit the
life cycle assessment to thesgrgimaterials:

. newspaper,

. office paper,*®

. corrugated cardboard,
. aluminum cans,

. steel cans,

. HDPE (hgh densiy polyethylene)plastic,
. LDPE (low densif polyethylene)plastic, and
. PET (olyethylene terghthalate)plastic®

To round out the angdis, we also examined the GHGplisations of various mamggment stratgies for
food wasteyard trimmirgs, and mixed MSW.

1.4 KEY INPUTS AND BASELINES FOR THE STREAMLINED LIFE CYCLE INVENTORY

Evaluatirg the GHG emissions of waste mgament rguires analsis of three factors: 1) GHG
emissions throghout the life gcle of the material (includinthe chosen dpsal gtion); 2) the extent to
which carbon sinks are affected imanufacturig and diposing the material; and 3) the extent to which
the mangement g@tion recovers engy that can be used toplace electric utiliy enegy, thus reducig
utility GHG emissions. In addition, a baseljrear must be selected so that aesima be measured in
comparison to conditions in that baselipear. Each of these factors warrants further discussion.

18 Office paper refers to the type of paper used in computer printers and photocopiers.

% Glass was not included in the analysis, partly because of the relatively small difference between the
amount of energy used in manufacturing glass from virgin versus recycled inputs.
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GHGs Emissions Relevant to Waste
The most inportant GHGs fopurposes of
analzing MSW mangement @tions are
carbon dioxide, methane, nitrous oxide, and
perfluorocarbons. Of these, carbon dioxide
(CQ,) is by far the most common GHG emitted
in the US. Most carbon dioxide emissions
result from enagy use, particularly fossil fuel
combustion. Agreat deal of engy is
consumed when product is made and then
thrown awg. This enegy is used in the
following stages: 1) extractig andprocessig
raw materials; 2) manufactugmroducts; 3)
manaing products at the end of their useful
lives; and 4) transorting materials and
products between each géaof their life gcles.
We estimated engy-related GHG emissions at
all of these stges, excpt for trangortation of
products to consumers (because GHG
emissions from trapertation to consumers will
valy little amoryg the gtions considered).
Much of this r@ort is devoted to gtaining
how wequantified the engy used and the
resultirg carbon dioxide emissionat each
stage in the life gcle of aty given material in
MSW. Enegy consumed in connection with
consumer use giroducts is not evaluated,
because engy use for the selected materials is
small (or zero) at thipoint in the life gcle, and
in ary case, the engy consumed duriguse
would be about the same whether pheduct
was made from vgin or reg/cled imputs.

Methane (CH ), a morgotent GHG, is
produced when ganic waste decoposes in an
oxygen-free (anaerobic) environment, such as a
landfill. Methane from landfills is the lgest
source of methane in the US;

Comparing GHGs

Carbon dioxide, methane, and nitrous oxide
are vey differentgases when it comes to their heat
trapping potential. An internationgrotocol has
established carbon dioxide as the referegasefor
measurement of heat-faing potential (also known
asglobal warmirg potential). By definition, the
global warmirg potential of one kilgram (kg) of
carbon dioxide is 1.

Methane, which has a muchgher heat-
trapping cgpacity, has gjlobal warmirg potential of
24.5. This means that ong &f methane has the
same heat-tgging potential as 24.5¢of CO,.

Nitrous oxide, a morpotent GHG, has a
global warmirg potential of 270.

Perfluorocarbons have extreméiligh
global warmirg potentials: 6,300 for CF and
12,500 for G k.

In this rgport, emissions of carbon dioxide,
methane, nitrous oxide, apdrfluorocarbons have
been converted to their "carboguévalents.”
Because CQ is 12/44 carboyeight, one metric
ton of CQ is defined as 12/44 or 0.27 metric tons
of carbon quivalent (MTCE). The MTCE value
for one metric ton of each of the otlgases is
determined » multiplying its global warmirg
potential ly a factor of 12/44. (All datgrovided
here are from US EPAnventory of US
Greenhouse Gas Emissions and Sinks: 19901991
November 1995p. 3.)

these emissions are addressegierCha

Nitrous oxide (N O), another GHG, results from the use of commercial gadioffertilizers and
fossil fuel combustion, as well as other sources. For thigsigalve estimated nitrous oxide emissions

from waste combustion.

% U.S. EPAJnventory of US Greenhouse Gas Emissions and Sinks: 19908P8430-R-96-006,

November 1995, p. ES-10.
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Perfluorocarbons (GF and, G F ) are emitted dutire reduction of alumina to aluminum in the
primary smeltirg process. The source of fluorine for CF and C F is the moltaiier (Na;, AlF;) in
which the reduction of alumina occurs. Perfluorocarbons are formed when the fluoriyaite ceacts
with the carbon in the anode (a carbon magmsfe, coke bguettes, oprebaked carbon blocks), and in
the carbon linig that serves as the cathode. Altglothequantities ofperfluorocarbons emitted are small,
thesegases are gnificant because of their ¢ifh global warmirg potential.

The baselinegainst which total GHG emissions are calculated is the zero-emissions scenario, in
which noproduct is made. Thus, in the baseline, there are no GHG emissionysahtha followirg life
cycle stges: raw materials gaisition, manufacturig, or MSW mangement.

Carbon Stocks and CarbondBestration Relevant to Wast€arbon, like mayother elements,
cycles throghout earth's air, water, land, and biota. A carbon stock (or sinlgoisitin the carbonycle
where carbon is stored. While the carbon is stored, it is not in the@itenescontributig to the
"greenhouse effect” (i.e., the pr@ng of heat close to the earth's surface). Epamof carbon stocks are
forests, oceans, ail fields, and landfills.

"Carbon squestration" is the gposite of GHG emissions. With carborgsestration, carbon is
removed from the carboryde and added to a carbon stock. For eplanwhen a forest removes carbon
from the atmoghere and converts it to wood at a fagi@ee than the trees are harvested (or deoss),
this is known as forest carborgsestration. Likewise, if ganic matter added to a landfill does not
deconpose into methane or carbon dioxide, and enters intptlenm storge, it is said to be "sgiestered.”

The baselinegainst which future carbon stocks are measured is the current set of carbon stocks.
For the forest carbon stock, ugithe current stock of forest carbon as the baseline is based on an
assunption that the forest will be harvested on a sustainable basis (i.e., trees grdlleat a rate at least
equal to the rate at which thi@re cut)> Thus, we assume in the baseline that hanyéstes results in
no diminution of the forest carbon stock and no additional carbon dioxide in thephres On the other
hand, forest carbon geestration increasess a result of source reduction oryaing of paper products
because both source reduction ang g cause annual tree harvests topdoelow the annuajrowth of
forests. Conspiently, source reduction and rading "get credit” for increasimthe forest carbon stock,
whereas other waste maement gtions (conposting, combustion, and landfillg) do not.

Landfills are another meang lwhich carbon is removed from the atrplosre. Landfill carbon
stocks increase over time because much of tinic matteplaced in landfills does not decquose,
egecially if the landfill is located in an arid area. However, not all carbon in landfills is counted in
determinirg the extent to which landfills are carbon stocks. For gkanthe analsis does not count
plastic in landfills toward carbon geestration. Plastic in a landfillpeesents mergla transfer from one
carbon stock (the oil field contairgrihepetroleum or naturajas from which thelastic was made) to
another carbon stock (the landfill); thus, there has been ngelrathe overall amount of carbon stored.

Z1 Assuming a sustainable harvest is reasonable because the US is currently experiencing net reforestation
that is, more trees are being planted and grown than the US is consuming. This may come as a surprise to some
who live in areas of the country that are being rapidly developed. However, changes in agricultural management
practices, increased productivity per agricultural acre, and other factors are causing large areas of land that were
once cultivated or otherwise disturbed by man to revert to forest. In addition, the average mass of wood per
forested acre is increasing because, on average, forests are getting older, and the average tree is getting bigger and
storing more carbon.
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On the other hand, thportion of oganic matter (such agrd trimmirgs) that does not decqwose in a
landfill represents an addition to a carbon stock, because it would hgetly ldeconposed into CQ if left
to deteriorate on thground.

While chames in fossil fuel carbon stocks (i.e., reductions in oil field stores that result from the
extraction and burngnof oil resources) are not measured diseitithis ana}sis, the reduction in fossil
fuel carbon stocks is indiregttagptured ty countirg the CO, emissions from fossil fuel combustion in
calculatig GHG emissions.

Avoided Electric Utiliy GHG Emissions Relevant to Wasté/hen a waste is useddenerate
electricity (either throgh combustion or recovenf methane from landfills), it digaces utiliyy fossil fuels
that would otherwise be consumed. Fossil fuel combustion is tfjle fargest source of GHGs in the US.
When waste is substituted for fossil fuebenerate electrigit the GHG emissions from burmjithe waste
are offset g the avoided electric utiftGHG emissions.

Baseline Year For mosiparts of the angkis, we selected as the baseljgar the most recegear
for which data were available. For the baseline landfill methane rgcrater however, we used values
projected for theyear 2000. Fopaper recovey, we made annugkojections throgh 2010 that enabled us
to devel@ an averge value for theperiod from 1996 thragh 2010% In both cases, we deymd future
scenarios because some of the uryitgglfactors that affect GHG emissions are diag rgpidly, and we
are seekig to define relationsps (eg., between tonrge of waste landfilled and methane emissions) that
represent an avege over the next severngars.

. In the case of landfill methane, there are three pgrams that reduce methane emissions:
one that rquires landfillgas recover at lage landfills; one thapromotes recovgrof landfill
methane on a voluntabasis at smaller landfills; and another graimotes source reduction
and regcling (which results in less methapesducirg waste beig landfilled). In estimatig
the landfill methane emission reductions due to source reduction amtirgcwe needed to
account for theplanned increase in landfill methangttae. Otherwise, EPA would be
countirg landfill methane emissions reductions twice: once for landfill methgpareaand
once for source reduction andyeling. Because thprograms to rgulate landfillgas and
promote voluntay methane recovemwill be fully effective ty 2000 (dramaticayl increasingy
methane recovg), by usirg a baselingrear of 2000 we avoided double cougtin

. For paper recovey, earlier analses had indicated that the miaal impact of increasegdaper
recovey on forest carbon ggestration chages over time; the ipact also differs deendirg
on the initialpaper recovey rate and how that rate clgas over time. To estimate the
impact of increasegaper recovey on forest carbon geestration, we needed to account for
these influences. First, we devatal a baselinprojection forpaper recovey rates. We
began with aprojection, from the American Forest andoBaAssociation, thataper
recovey rates will continue to increase from aboutpggbcent in 1994 to 5percent ly 2000.
Then we develped a baseline scenario faaper recovey whose trgectoly passes thragh
50 percent in 2000, with continued modest increases in the foltpyaars. Because we
needed to estimate the effect of effortg.(dly EPA) to enhance recowebeyond the

Zpctually, the models we used simulated carbon sequestration through 2040, but we selected a value based
on average conditions through 2010.
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baseline projected rates, we developed a plausible scenario for enhanced paper recovery
rates, and then compared the predicted forest carbon sequestration under the two scenarios.
(Our approach is fully described in chapter 3).

15 HOW THESE INPUTS ARE TALLIED AND COMPARED

Exhibit 1-1 shows the GHG sources and carbon sinks associated with the manufacture of various
materials, and the post-consumer management of these materials as wastes. As shown in the exhibit,
GHGs are emitted from: (1) the pre-consumer stages of raw materials acquisition and manufacturing; and
(2) the post-consumer stage of waste management. No GHG emissions are attributed to the consumer's use
of any product.

To calculate the net GHG implications of a waste management strategy for a given material, one
must determine the difference between: (1) the GHG emissions associated with that material; and (2) any
increases in carbon stocks and/or displaced fossil fuel combustion that offset these emissions. The formula
for net GHG emissions is as follows:

Net GHG emissions = Gross GHG emissions - (increase in carbon stocks + avoided utility
GHG emissions)

Comparing GHG emissions and carbon sinks for each manufacturing and waste management option
with a consistent baseline allows the net GHG emissions for each option to be compared. From these
comparisons, one may identify which options have the lowest net GHG emissions. For example, when a
material is source reduced (i.e., some or all of it is not produced), GHG emissions throughout the life cycle
are avoided. In addition, when paper products are source reduced, additional carbon is sequestered in
forests.

Similarly, when a material is recycled, the GHG emissions from making an equivalent amount of
material from virgin inputs are avoided. However, there are GHG emissions from making the material
from recycled inputs. Generally, recycling reduces GHG emissions because, in most cases, manufacturing
a product from recycled inputs requires less energy than making the product from virgin inputs, and thus
reduces energy-related GHG emissions. In the case of paper, recycling also results in additional carbon
sequestration in forests.

If a waste is not source reduced or recycled, it may be either composted (if it is organic matter),
combusted, or landfilled. In any of these cases, the full GHG emissions associated with making the
material/product are counted. These GHG emissions may be augmented by methane emissions from
landfills (which themselves may be offset to some degree by energy recovery at landfills or landfill carbon
sequestration). If the wastes are combusted, there may be an offset for avoided utility emissions.
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Exhibit 1-1
GHG Sources and Sinks Associated with Materials in the MSW Stream

Inputs Life Cycle Stage'’ GHG Emissions/Carbon Sinks’
Ore, trees, Raw Materials Energy-related emissions
petroleum, =——3p» Acquisition Non-energy related emissions
energy, etc. Change in carbon storage in forests

Energy ——Jp| Manufacturing Energy-related emissions

v

_—

v

Waste
Management

Energy ———p

Composting y—pp» Energy-related emissions _
Change in carbon storage in soils

CO, emissions from plastics
—} N,O emissions
Credit for avoided fossil fuel use

CH, emissions
Landfilling P - Uncontrolled
- Flared or recovered for energy (converted to CO,)

' Note that source reduction affects all stages in the life cycle. - Credit for avoided fossil fuel use

? All life cycle stages include transportation energy-related emissions _ H H R
(except that emissions from transporting products from manufacturers Credit for Carbon in Iong term storage

to consumers were not counted in this analysis).

b

c60023-1-1
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Exhibit 1-2 indicates how the GHG sources and sinks have been counted for each MSW
management strategy to estimate net GHG emissions. For example, the top row of the exhibit shows that
source reduction results in no GHG emissions or sinks (long-term carbon storage) from raw materials
acquisition and manufacturing, soil carbon storage, or waste management; however, there is an increase in
forest carbon sequestration.

Exhibit 1-2
Components of Net Emissions for Various Municipal Solid Waste Management Strategies

Greenhouse Gas Sources and Sinks
Municipal | Process and Transportation
Solid Waste| GHGs from Raw Materials Change in Change in
Management Acquisition and Forest Carborl Soil Carbon
Strategy Manufacturing Storage Storage Waste Management GHGs
Source No emissions or sinks Increase in No changg No emissions or sinks
Reduction forest carbon
storage
Recycling Decrease in GHG emissiong Increase in No change No emissions or sinks
due to lower energy forest carbon
requirements (compared to storage
manufacture from virgin
inputs) and avoided process
non-energy GHGs
Composting [ No emissions or sinks No change Increase in Compost machinery emigsions,
soil carbon and transportation emissions
storage
Combustion | Process and transportation No change No change Nonbiogegnic,CO , N O
emissions emissions, avoided utility
emissions, and transportation
emissions.
Landfilling |Process and transportation No change No change Methane emissions, longterm
emissions carbon storage in landfill,
avoided utility emissions,
transportation emissions, and
landfill machinery emissions.
1.6 SUMMARY ANALYSIS OF THE LIFE CYCLE STAGES

The following sections of this chapter explain the life cycle diagram presented in Exhibit 1-1, and
outline the GHG emissions and carbon sinks at each stage of the product life cycle. These GHG emissions
and carbon sinks are described in detail, and quantified for each material, in chapters 2 through 7.
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GHG Emissions and Carbon Sinks Associated With Raw Materials Acquisition and
Manufacturing

The tg left of Exhibit 1-1 shows iputs for_raw materials gaisition. These are Wjin inputs used
to make various materials includiore used to make mefaloducts, trees used to mabaper products,
andpetroleum or naturajas used to makglasticproducts. Fuel engy used to obtain or extract these
material inputs is also shown.

The irputs used in manufactugrare: (1) enagy, and (2) either vigin raw materials or rgecled
materials. In the exhibit thesepirts are identified with arrows thpoint to the box labeled
"Manufacturirg.”

The GHG emissions associated with raw materiajgiaition and manufacturghare: (1)process
enegy GHG emissions, (2) trapsrtation enagy GHG emissions, and (®yocess non-engy GHG
emissions (for aluminum, ste@lastics, and officgaper.) Eachype of emission is described below.
Charges in carbon stoge in forests are also associated with raw materigjsisition for paper products.

This anaysis assumes no GHG pacts at the raw materialscadsition and manufacturgstages
for source reduction. Source reduction is assumed to entail more efficient ugeesf mnaterial for
exanple, "lightweighting," double-sideghotoc@ying, or extension of groduct's useful life. No other
material substitutions are assumed for source reduction; therefore, npaodiag increases in
production and digosal of other materials are aye¢d that could result in GHG emissiofis.

Process Engy GHG Emissions Process engy GHG emissions consist of GO emissions from the
combustion of fuels used in raw materialgusition and manufacturqa CO, emissions from combustion
of biomass are not counted as GHG emissions (see box garigidSources of CO below).

The maority of process engly CO, emissions are from combustion of fuels used dyreed., to
operate ore minig equipment or to fuel a blast furnace. Fuel is also needed to extract the oil or mine the
coal that is ultimatgl used tgoroduce enggy; thus CQ emissions from thipré-combustion engy” are
counted in this cagery as well. When electrigitgenerated Y combustion of fossil fuels is used in
manufacturig, the CQ emissions from the fossil fuels are also counted.

To estimatgrocess engly GHG emissions, we first obtained estimates of both the total amount of
process engly usedper ton ofproduct (measured in British thermal units or BTUSs), and the fuel mgx (e.
diesel oil, naturagias, fuel oil). Next, we used emissions factors for egah of fuel to convert the
amount of eachype of fuel used to the GHG emissions thatmoeluced.

In the case of rgeling, we found that makipa material from realed inputsgeneraly requires
lessprocess engly (and uses a different fuel mix) than makthe material from vagin inputs.

Details of our methodolyy for estimatig process engly GHG emissions iprovided in Chater 2.

% Although material substitution is not considered here, it remains a high priority issue for future EPA
research.
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CO, Emissions from Biogenic Sources

The US and all other parties to the Framework Convention on Climatg&€agmaed to develop
inventories of GHGs for purposes of (1) develgpinitigation stratgies and (2) monitorigthe pragress of
those stragies. The Intggovernmental Panel on Climate Clgar(IPCC) developed a set of inventor
methods to be used as the international standard. (IPCC, Guidelines for National Greenhouse Gas
Inventories(three volumes), no date.) In selegtthe methodolgies used in this report to evaluate emissiong
and sinks of GHGs, we attempted to be consistent with IRfD{@ance.

One of the elements of the IP@Gidance that deserves special mention is the approach used to
address CQ© emissions from gémic sources. For marcountries, the treatment of €O releases from
biogenic sources is most important when addrgs®teases from engy derived from biomass @, burnirg
wood), but this element is also important when evalgatiaste mangement emissions (for example, the
decomposition or combustion gfass clippigs or paper). The carbon in paper graks trimmigs was
originally removed from the atmospheng fphotognthesis, and under natural conditions, it would eventuall
cycle back to the atmosphere as CO due tpadiation processes. The quantf carbon that these natural
processesycle throwgh the earth's atmosphere, waters, soils, and biota is gneater than the quantiadded
by anthropgenic GHG sources. But the focus of the Framework Convention on Climatgedkam
anthropgenic emissionsemissions resultgnfrom human activities and sjget to human contrebecause it
is these emissions that have the potential to alter the climabstuptirg the natural balances in carbon's
biogeochemical gcle, and alterig the atmosphere's heat-trappability.

Thus, for processes with GO emissions, if (a) the emissions are frgentzianaterials and (b) the
materials argrown on a sustainable basis, then those emissions are consideredyaksgthe loop in the
natural carbonycle, that is the return to the atmosphere GO that wagipélly removed kg photognthesis.
In this case, the CO emissicar® notcounted. (For purposes of this arsid, bigenic materials are paper,
yard trimmirgs, and food scraps.) On the other hand, CO emissions from dpémasil fuelsare counted
because these emissions would not ententble gvere it not for human actiyit Likewise, CH, emissions
from landfillsare counted even thogh the source of carbon is primarbhiogenic, CH, would not be emitted
were it not for the human actiyibf landfilling the waste, which creates anaerobic conditions conducive to
CH, formation.

Note that this approach does not digtiish between the timgiof CO, emissions, provided that the
occur in a reasonabkhort time scale relative to the speed of the processes thaglffedtclimate chage-
as lorg as the bhigenic carbon would eventuglbe released as GO , it does not matter whether it is released
virtually instantaneousgl(eg., from combustion) or over a period of a few decades, @ecomposition on the
forest floor).

Trangortation Enegy GHG Emissions Trangortation enegy GHG emissions consist of GO
emissions from the combustion of fuels used to pargaw materials and intermedigiducts to the
final manufacturig or fabrication faciliy. We based our estimates of tpamigation enegy GHG
emissions on: 1) the amounts of raw materigliia and intermediatgroducts used in manufactugione
ton of each material; 2) the avgeadistance that each raw materigduhor intermediat@roduct is
trangorted; and 3) the trapertation modes and fuels used. For the amounts of fuel used, we used data on
the averge fuel consumtion per ton-mile for each mode of trggstation. Then we used an emission
factor for eachype of fuel to convert the amount of eagpd of fuel consumed, to the GHG emissions
produced.
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More detail on our methodology to estimate transportation energy GHG emissions is provided in
Chapter 2.

Process Non-Energy GHG EmissiorfSome GHG emissions occur directly in the manufacture of
certain materials and are not associated with energy consumption. In this analysis, we refer to these
emissions as process non-energy emissions. For example, the production of steel or aluminum requires
lime (calcium oxide, or CaO), which is produced from limestone (calcium carbonate, or,CaCO ); the
manufacture of lime results in GO emissions. Other process non-energy GHG emissions are associated
with production of plastics, office paper, and tissue paper. In some cases, process non-energy GHG
emissions are only associated with production using virgin inputs; in other cases, these emissions result
when either virgin or recycled inputs are used. These emissions are described in Chapter 2.

Carbon Sinks The only carbon sink in the stages of raw materials acquisition and manufacturing is
the additional carbon sequestration in trees associated with source reduction or recycling of paper products.
Our methodology for estimating forest carbon sequestration is described in Chapter 3.

GHG Emissions and Carbon Sinks Associated With Waste Management

As shown at the bottom of Exhibit 1-1, there are, depending on the material, up to four waste
management options once a material is manufactured: recycling, composting, combustion, and landfilling.
This section describes the GHG emissions and carbon sinks associated with these four waste management
options.

In this analysis, source reduction is measured by the amount of material that would otherwise be
produced but is not being produced because of a program promoting source reduction. Thus, with source
reduction there are no emissions from MSW management.

Recycling When a material is recycled, it is used in place of virgin inputs in the manufacturing
process. Thus, the only GHG emission consequences are those from manufacturing a material from
recycled rather than virgin inputs (including transportation GHGs and avoided GHGs from raw materials
acquisition); there are no GHG emissions at the MSW management stage. (If the product made from the
recycled material is later composted, combusted, or landfilled, the GHG emissions at that point would be
attributed to the product that was made from the recycled material.) Chapter 4 details GHG emissions
from recycling.

Most of the materials considered in this analysis are modeled as being recycled in a "closed loop"
(e.g., newspapers are recycled into new newspapers). However, office paper and corrugated boxes are
modeled as being recycled in an "open loop" (i.e., they are recycled into more than one product):

. Office paper is modeled as being recycled into either office paper or tissue paper; and
. Corrugated boxes are modeled as being recycled into either corrugated boxes or folding
boxes.

By developing GHG estimates for the manufacture of all four of these products, we were able to estimate
the GHG implications of "open loop" recycling of office paper and corrugated boxes. We recognize that
other materials are recycled in open loop processes, but due to limited resources, we could not analyze all
open loop processes.
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Composting When organic materials are composted, most of their organic mass quickly
decomposes to CO . The materials that may be composted (e.g., leaves, brush, grass, food waste,
newspapers) are all originally produced by trees or other plants. As described in the text box above, the
CO, emitted from these materials during composting is biogenjc CO , and thus is not counted in GHG
emissions.

There is some potential for the composting of yard trimmings to result in production of more humic
material (natural organic polymers, which degrade at a slow rate) than is produced when yard trimmings
are left to decompose in the yard. This process may act to enhance long-term carbon storage in soils to
which compost is applied.

Although composting may result in some production of methane (due to anaerobic decomposition in
the center of the compost pile) compost researchers concluded that the methane is almost always oxidized
to CO, before it escapes from the compost pile.

Because the CO emissions from composting are biogenic, and there are generally no methane
emissions, the only GHG emissions from composting result from transportation of compostable materials
to composting facilities, and mechanical turning of the compost piles. Carbon cycling in compost
operations is discussed in Chapter 5.

Combustion When waste is combusted, two GHGs are emitted, CO and N O. Non-biogenic CO
emitted during combustion (i.e., GO from plastics) is counted toward the GHG emissions associated with
combustion, but biogenic CO is not. Because most waste combustors produce electricity that substitutes
for utility-generated electricity, the net GHG emissions are calculated by subtracting the utility GHG
emissions avoided from the gross GHG emissions. GHG emissions from combustion are described in
Chapter 6.

Landfilling: When organic matter is landfilled, some of this matter decomposes anaerobically and
releases methane, a potent GHG. Some of the organic matter never decomposes at all; instead it becomes
sequestered carbon. (Landfilling of metals and plastics does not result in either methane emissions or
carbon sequestration).

At some landfills, virtually all of the methane produced is released to the atmosphere. The gross
GHG emissions from these landfills consist of the methane emissions. At other landfills, methane is
captured for flaring or combustion with energy recovery (i.e., electricity production). Most of the captured
methane is converted to GO , which is not counted as a GHG because it is biogenic. With combustion of
methane for energy recovery, credit is given for the electric utility GHG emissions avoided. Regardless of
the fate of methane, credit is given for the landfill carbon sequestration associated with landfilling of some
organic materials. GHG emissions and carbon sinks from landfilling are described in Chapter 7.
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